крытия и технологии его нанесения позволило повысить ресурс работы лопаток в 1,4-1,7 раз, что дает значительную экономию материальных и финансовых средств и обеспечивает должный уровень эффективности работы и надежности газотрубопроводного транспорта.
Abstract. Improvement of performance characteristics of the most critical parts of hot tract gas turbine plants of gas compressor units is an urgent problem of the modern turbine construction. One such detail includes the guide vanes, turbine gas turbine units. Blades during operation, impacts are significant dynamic and static loads, high temperatures and thermo-mechanical loads, as well as corrosive and erosive destruction. Proceeding from the requirements for the manufacture of gas turbine blades are applied heat-resistant and heat-resistant nickel and cobalt. Replacement during repair of the damaged turbine blades is time consuming and expensive process. Development of new technologies of protective and strengthening processing of turbine blades, providing increase of their resource, is a task which can save a considerable material and financial resources. However, one of the goals of protective and strengthening processing of parts is modernization of blades, which moves on a higher level of quality.
Currently used cooled nozzle blades during operation damaged in the result of occurrence of defects in the form of cracks. Research has shown that one of the main causes of cracks, along with the processes of thermal fatigue, creep of the material degradation and oxidation processes, is the emergence of a significant thermal stresses between the block elements in the result of difference of temperatures. The temperature difference between block elements linked c uneven removal of heat from the top and bottom shelves, as well as from the pen of the blade.
In this article we propose a method of increasing resistance of components of gas-turbine units of gas pumping units due to compensation of thermomechanical stresses on the blades. This method is based on use of the principle of selective thermal insulation of components of nozzle segment, which is implemented based on a technology, developed by authors, for thermo-barrier coating (TBC) application. Detailed development of selective thermo-barrier coating and its application was used on HPT gtk-10I segment. Thermal-barrier ceramic layer was applied on the external surface of the block bottom and airfoils, as well as on the transition area in between the block top and airfoils. Using the proposed coating and the technology of its application increased blade life by 1.4 -1.7 times, which saves material and financial resources and ensures the proper level of efficiency and reliability of gas pipeline transportation systems. It is well known [1] , that in operation process stator blades of GTU are exposed to extreme dynamic and static loads, high temperatures and thermomechanical loads, as well as to corrosion and erosion destruction. Based on regulations, refractory and heat-resistant nickel and cobalt alloys, such as CNK -7, CNK-21, FSX-414, ZhS-6, ZhS-6У, EI-893, U-5000 and others, are used for gas turbine blades manufacturing.
Аннотация
The improvement of operational characteristics is in particular conditioned by the fact that replacement of failed turbine blades is labor consuming and expensive process, because it takes dismounting them from rotors, buying new blades, mounting them on rotors etc. [1] . Thus, development of new methods of protective and strengthening treatment of turbine blades, providing for their longer life, is an important task, saving significant material and financial resources. Besides, one of the goals of protective and strengthening treatment is modernization of components, bringing them to a higher level of quality as compared to existing one.
In this respect, one of the main directions of "Turbinaspezservis" company is refurbishment of turbine rotating and stator blades, restoring their structure and mechanical properties, followed by protective and strengthening treatment and application of heat resistant and thermal insulation coatings.
Benefit of protective and strengthening treatment and of thermal barrier coatings (TBC) is related to possibility of increasing temperature in the turbine along with longer blade life. Ceramic TBC of sufficient thickness are able to significantly decrease heat flow to the base material of the blade and provide for its operability in high temperature conditions [2, 3] . Zirconium dioxide ceramics, stabilized with yttrium oxide (ZrO 2 ·Y 2 O 3 ), is most often used for TBC. To provide for adhesion of the ceramic layer and to protect the base material from oxidation, TBC comprises a heat-resistant bond coat [4, 5] .
Conventional cooled nozzle blades, especially those integrated in 2 or 3 pieces blocks, often fail in operating process due to crack shaped defects ( The survey, conducted by the authors, revealed the fact that one of the main causes of above cracks, alongside with thermal fatigue, creep, material deterioration and oxidation, is rise of thermal stresses in the areas between block elements (mainly between the top and the airfoil) due to temperature contrast. The temperature contrast across the block elements is caused by uneven heat transfer from the top and the bottom of the block and from the airfoil. To eliminate said cause of block failure the authors suggested using the principle of selective thermal protection of the block components, allowing for more homogeneous distribution of temperature across the block [6] . Selective application of the ceramic layer provided for temperature equalizing across the block. At the same time, application of solid ceramic coat over all of the surface of the block did not bring to decrease of tension in between the block elements, but just lowered their temperature.
The principle of selective thermal insulation of block components was im- The bond coat application was alternated with periodical implantation of Yb or N ions, which was done every time before a micro-layer was formed.
The third version of the heat-resistant layer was formed by applying a 50 micron heat-resistant layer by gas-thermal method. A Ni-Cr-Al-Y layer, comprising: Cr -24% ; Al -12% ; Y -0.6%; and Nithe restwas used.
A 10 to 300 micron ceramic layer, comprising of Y 2 О 3 -8% of mass, ZrO 2 the rest, was applied on the bond coat versions, as described above. The ceramic material was applied by plasma spraying. The nozzle blades block with the layers of coating was anneal at the temperature of 1050 о С for 2 hours in the vacuum of, at least, 10 -3 mm of mercury.
For the purpose of protection of the blade material from oxidation, the heatresistant layer was applied across the entire functional surface of the block. Such a combination of a solid heat-resistant layer and selective thermal barrier layer allowed for using protective and strengthening coatings not only for refurbishment, but also for improving operational characteristics of the nozzle block as compared to its initial characteristics.
The selective TBC was applied in the following sequence ( Figure 4 ). To form TBC, ceramics of the following composition was used: Y 2 О 3 -7% of mass, and ZrO 2the rest. The thickness of the layer applied to the less thermal stressed areas of the block, such as airfoil trailing edges 4, was less as compared to that of applied on the leading edge 4, and made, depending on particular parameters of a blade and operating conditions, from 10 to 300 micron. After the application of the layers the components were annealed at the temperature of 1000 -1050 о С for 2 hours in vacuum. As the result of the above procedures, on the functional surfaces of nozzle blades block 4 areas with selective TBC 6 were formed ( Figure 5 ). The thicknesses of the ceramic layer, compensating temperature contrasts in the blade and the block top materials during the nozzle block operation, were determined by an experimental way, using a methodology described in [7, 8] .
To increase the protective-strengthening effect, prior to the heat-resistant bond coat application, in some of the cases treatment of the surface with Yb ions was conducted, with the ion energy of 20 keV. For this, the nozzle blades block was placed in a combined ion-plasma unit and ion-implantation treatment was applied. Besides, with some of the samples, prior to the heat-resistant layer application, an additional 1.0 micron layer Cr was applied on the blades surfaces.
Quality evaluation of the surface layer was carried out in accordance with as described in [9] .
The nickel and cobalt alloy components were studied in the following way.
The first group of the nozzle blocks was treated to obtain conventional solid TBC. The selective TBC were applied on the second group of nozzle blades.
The samples made of above mentioned alloys were also studied by imitating operation loads, referred to thermomecanical stresses rising. The samples and the blades were made of alloys, based on nickel and cobalt: CNK -7, CNK-21, FSX-414, ZhS-6, ZhS-6У, EI-893, U-5000.
Evaluation of crack resistance in the areas in between blades block elements ("block bottom -airfoil", "block top" -"airfoil") was made for both the studied thermal-resistant alloys samples, as well as for existing components. Special samples for contrasting temperatures across cooled surface and for compensating that contrast due to thermal-barrier coating [7, 8] were manufactured. Comparing the samples and the existing components test results showed their sufficiently large convergence, taking in consideration complexity of the components and test conditions. The evaluation of crack resistance was made according to crack rising time criterion. According to the test data, the time before the first crack rising was as follows: 1) on the existing components with conventional TBC -8 to 9 thousand hours; with the selective TBCfrom 11 to 15 thousand hours; 2) on the sample with the conventional TBCfrom 120 to 150 hours;
with the selective TBC from 190 to 240 hours. [7, 8] .
Для повышения защитно-упрочняющего эффекта покрытия, перед нанесением жаростойкого слоя (покрытия), в ряде случаев, проводили ионно- 
